Cumin oil samples (Cuminum cyminum L.) from four different geographical origins were analyzed using GC-MS and GC-FID for their qualitative and quantitative composition. The major compounds in all cumin oils were the monoterpenes β-pinene, p-cymene and γ-terpinene and the terpenoid aldehydes cuminic aldehyde and the isomeric menthadien carboxaldehydes. All essential oils, and cuminic aldehyde, were tested, using agar diffusion and serial dilution methods, against different Gram-positive and Gram-negative bacteria isolated from different sources of food (pork fillet, minced meat and sausages) and clinical isolates, as well as three different Candida albicans isolates. All cumin oils and cuminic aldehyde exhibited a considerable inhibitory effect against all the organisms tested, except Pseudomonas spp.
One of the spices with a worldwide consumption is cumin (Cuminum cyminum L., family Apiaceae). The plant is native to the Mediterranean and North African region, but today it is mainly grown in India since it is a vital part of Indian curry. Its fruits contain 2-5% volatile oil, usually obtained by steam distillation of the dried and crushed fruits. The essential oil is advantageously used instead of the fruits in many types of liquors and cordials and its use in perfumery is for its spicy green scent. Besides the flavouring impact in food, cumin oil was shown to prevent butter from deterioration and improve its acid value; its medicinal applications are based on its carminative and digestive properties [1] . The main compound of cumin oil is cuminic aldehyde (p-isopropyl benzaldehyde) with a content varying depending on the extraction method [2] and geographic origin between lower than 20% and higher than 40% [3] .
Previous studies showed that the antimicrobial and fungitoxic activity could be linked to the main compound, cuminic aldehyde [4] [5] [6] [7] [8] [9] . The aim of the following study was to analyze the chemical composition of four commercially available cumin oil samples of different origin (Iran, Egypt, India and Europe) to obtain an overview of the different cuminic aldehyde contents and the entire chemical composition and to collect data on the antimicrobial activity. The selection of bacteria was based on their occurrence in different meat (pork and beef) products. Using GC-FID and GC-MS the chemical composition of four cumin oil samples was analyzed. The cumin oils consisted of some 37 compounds representing a total of 95 -99% of all volatiles. The main compounds identified were cuminic aldehyde, γterpinene, β-pinene, p-cymene and two p-menthadienal isomers. The sample from Iran showed a somewhat different composition with a much higher cuminic aldehyde and lower γ-terpinene content compared with the three other oils. The findings, based on the composition of volatiles, could be summarized as follows: Most abundant compounds were the desirable cuminic aldehyde and menthadienals, besides the omnipresent monoterpene hydrocarbons, with a composition that was not fixed, but variable due to the origin, harvesting and distillation conditions.
As previously shown by El-Sawi and Mohamed [10] , Egyptian cumin oils from the fruit or herb are characterized by a high cuminic aldehyde content (45-50%, respectively), whereas Borges and Pino [11] Data on antimicrobial activity of all cumin oil and cuminic aldehyde samples were generated using a semiquantitative agar disc diffusion method. The results are presented in Figure 1 as inhibition zones (IZ) of either the undiluted oil or compound after 24 h of incubation at 37°C. The results of the quantitative serial broth dilution method, resulting in minimal inhibitory concentration (MIC) and minimal cidal concentration (MCC) are presented in Table 2 .
The tests showed that all cumin oils and cuminic aldehyde were efficient antimicrobial agents towards Gram-positive and Gramnegative bacteria, and the yeast C. albicans almost similarly, with the exception of Pseudomonas spp.
Overall inhibition zones larger than 20 mm were observed, which could be regarded as very potent antimicrobial action. In contrast, inhibition zones smaller than 9 mm are usually seen as insignificant and were formed with incubation of Ps. aeruginosa. The Iranian sample containing over 40% cuminic aldehyde and the Egyptian sample with almost 30% cuminic aldehyde showed the best results towards all evaluated microorganisms, especially in the reduction of S. aureus 
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Natural Product Communications Vol. 5 (9) 2010 1357 and Br. thermosphacta and performed even better than pure cuminic aldehyde. This suggests that there is some additional or synergistic effect in the cumin oil from substances other than cuminic aldehyde.
Quantitative evaluation using MIC and MCC values confirms the trend that cumin oil from Iran and Egypt is more effective than cuminic aldehyde itself, while the Indian and European oils are less potent for Grampositive and Gram-negative bacteria, with the exception of Pseudomonas spp and C. albicans. In this context, S. abony behaves unusually, as it was only more resistant to the Indian cumin oil. Ps. aeruginosa could not be effectively reduced by the oils with dosages below 1%, except for cuminic aldehyde, and Ps. fragi was slightly more susceptible than Ps. aeruginosa. Inhibition of C. albicans by all samples was more or less the same, but with a slightly greater sensitivity towards the Iranian oil and cuminic aldehyde. GC analysis: GC-FID and GC-MS analyses were carried out simultaneously using a Finnigan ThermoQuest TraceGC with a dual split/splitless injector, a FID detector and a Finnigan Automass quadrupole mass spectrometer. One inlet was connected to a 50 m x 0.25 mm x 1.0 µm SE-54 fused silica column (CS Chromatographie Service, Germany), the other injector was coupled to a 60 m x 0.25 mm x 0.25 µm Carbowax 20M column (J & W Scientific, USA). The two columns were connected at the outlet to a quartz X connector (cross union) and the two other joints of the connector coupled to the FID and MS detectors with a short (ca. 50 cm) 0.1 mm ID fused silica restrictor column as a GC-MS interface and a 1 m x 0.25 mm deactivated fused silica column as a transfer line for the FID. The carrier gas was helium 5.0, with a constant flow rate of 1.5 mL/min. for the operated column, while the unused column was held at a low flow rate of 0.1 mL/min. The injector temperature was 230°C, FID detector temperature 250°C, GC-MS interface heating 250°C, ion source 150°C, EI mode at 70 eV, scan range 40-300 amu. The following temperature program was used: 46°C for 1 min to 100°C at a rate of 5°C/min.; 100°C to 230°C at 2°C/min; and 230°C for 13.2 min. Identification was achieved using the Finnigan XCalibur 1.2 software with MS correlations through the NIST 2008 [13] , Adams [14] , MassFinder [15] and our own library. Retention indices of reference compounds and from literature data [16] [17] [18] [19] [20] were used to confirm peak data. Quantification was achieved through peak area calculations of the FID chromatogram. Overnight bacterial cultures were prepared by inoculating about 2 mL of Mueller-Hinton Broth (MHB, NCIPD, Bulgaria) with 2-3 colonies selected from NA. Broths were incubated at 37 o C for 24 h on a rotary shaker at 220 rev/min. Inoculums were prepared by diluting overnight cultures by adding sterile MHB to achieve absorbance corresponding to 0.5 on the McFarland turbidity standard (1.0/1.5 x 10 8 CFU/mL) (NCCLS, 1990) [21] .
Test microorganisms and preparation of test

Disc diffusion method:
The disc diffusion method was carried out as described by Sacchetti et al. [22] in accordance with NCCLS recommendations [23] .
Serial broth dilution method:
The serial broth dilution method was carried out in accordance with NCCLS recommendations [24] . A stock solution to be tested was prepared by diluting the respective essential oil sample in DMSO (Sigma-Aldrich Co.). Each experiment was performed in duplicate.
